Regulation of the activation of fluorodeoxyuridine by substrate competition and feedback inhibition in 647V cells.
Fluorodeoxyuridine (FdUrd) is a cytotoxic analogue of thymidine which requires activation by thymidine kinase to FdUMP. FdUMP inhibits thymidylate synthetase and, thus, the synthesis of dTTP. 5'-Aminothymidine (5'-AdThd) can antagonize the feedback inhibition exerted by dTTP on thymidine kinase activity and thereby stimulate FdUrd phosphorylation. This provided a novel approach to assess the degree to which end product inhibition regulates the phosphorylation of FdUrd. We used 5'-AdThd to investigate the effects of dThd and IdUrd on the regulation of FdUrd uptake in intact 647V cells, a human bladder cancer cell line. Contributions from catabolic processes were found not to be important in our system. We detected no nucleoside phosphorylase activity in the 647V cells or any effect of 5'-AdThd on the breakdown of 5-fluorodeoxyuridine monophosphate to FdUrd by crude preparations from these cells. Thus, phosphorylation by thymidine kinase determined FdUrd uptake (phosphorylation). In the absence of added nucleosides the rate of FdUrd uptake increased in a time dependent fashion. Diminished feedback inhibition of thymidine kinase appeared to be an important factor, as evidenced by a decrease in intracellular dTTP pools and a time dependent loss in the ability of 5'-AdThd to stimulate FdUrd uptake. Thymidine and iododeoxyuridine inhibited FdUrd phosphorylation (uptake) by two mechanisms: competition for the active site of thymidine kinase and increased feedback inhibition. Increased feedback inhibition was indicated by stimulation of FdUrd uptake by 5'-AdThd. The effects of IdUrd on FdUrd uptake were also time dependent, presumably reflecting accumulation of iododeoxyuridine triphosphate and dTTP pools. FdUrd cytotoxicity was modulated by dThd, IdUrd, and 5'-AdThd in parallel to their perturbation of FdUrd uptake. Individually they reduced the growth inhibitory properties of FdUrd. These results show that the regulation of FdUrd uptake is critically dependent on the presence of dThd and IdUrd and emphasize the potential importance of circulating levels of these nucleosides in mediating FdUrd activation and cytotoxicity.